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Isoflavone Profile and Biological Activity of Soy Bread

Yu CHU ZHANG, DANIEL ALBRECHT, JOSHUA BOMSER,
STEVEN J. SSHWARTZ, AND Y AEL VOoDoOvOoTZ*

Department of Food Science and Technology, The Ohio State University, Columbus, Ohio 43210

The present study examines the ability of isoflavone extracts from whole soy bread and two soy
bread fractions, crumb and crust, to modulate the proliferation of human prostate cancer PC-3 cells.
Total isoflavone content in the two fractions of soy bread were similar (3.17 umol/g dry basis). However,
their conjugate patterns were altered. Both fractions of soy bread contained a similar level of isoflavone
aglycones (~24%). Low concentrations of soy bread extracts increased PC-3 cell proliferation as
much as 47% compared to untreated control. This proliferative effect in cell growth was reduced at
higher extract concentration. Soy bread crust extract (10 mg/mL) reduced PC-3 cell proliferation by
15% compared to untreated control. Interestingly, wheat bread extracts increased cell proliferation
at all concentrations tested. Although extracts from both breads possessed biological activity, only
soy bread crust extract reduced PC-3 cell proliferation. This observation may be related to the presence
of soy in this bread.
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INTRODUCTION the type of soy foods, and interaction with other constituents
Soy contains proteins and other biologically active compon- ©f the diet (33:34). The present study examines the isoflavone

ents (isoflavones) that may be effective in reducing the risk of CONtent and composition in soy bread, and the effects of soy

coronary heart diseases and several canter)( For example bread extracts on the proliferation of an invasive androgen

higher consumption of soy foods in Asia is associated with lower "dependent metastatic human prostate cancer cell line (PC-3).

risk of prostate cancer compared to the U. B-{1). Incor-

porating soy into a staple food (i.e., bread) may be a feasible MATERIALS AND METHODS

means of increasing daily soy intake in people following typical ~ The experimental plan of this study is shownFigure 1.

Western diets}2—14). We developed a highly acceptable soy- Materials. 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-

enriched bread (“soy bread”) that contains sufficient soy proteins mide (MTT) and isoflavone pure standard compounds were purchased

per serving to meet the FDA-approved health claim on coronary from Sigma (St. Louis, MO) and LC labs (Wolburn, MA). All organic

heart disease (18,6). solvents and chemical reagents were HPLC grade and purchased from
Isoflavones are plant-derived compounds with structural Fisher Scientific (Fair Lawn, NJ). PC-3 cells were obtained from ATCC

- . P . . o (Manassas, VA). Tissue culture supplies were from Gibco (Grand
similarity to estrogeni7—20). Gen_lsteln, daldze.‘m’ and glycitein Island, NY). Soy flour was obtained from Archer Daniel Midland Co.
are the three most prevalent isoflavones in soybeans. The

. - . (Decatur, IL). Soy milk powder was obtained from DevanSoy Farms
predominant (~95%) isoflavones in unprocessed soybeans argcarroll, lowa).

the malonylglucoside®(,22). Processing, i.e., heat treatment, ~ pread Preparation. The main ingredients in bread making are
is responsible, in part, for the changes in isoflavone content presented iTable 1. Wheat bread was made following a conventional
and composition in processed soy fool325). Recent studies  wheat bread formula. Soy bread was prepared using a patent-pending
suggested the chemical forms and abundance of isoflavones irprocess that involves replacing 49% of wheat flour (General Mils,
soy foods have a significant impact on their bioavailability and Minneapolis, MI) in wheat bread formula with soy flour and soy milk
biological effects (26—30). powder. The bread ingredients were combined and mixed in a 5-quart

Isoflavones have been shown to inhibit tumor growth and Kitchen Aid Mixer (KitchenAid Portable Appliance, St._ Joseph, MI)
development in several in vitro and in vivo models (18, 31, to form dough_. The dough was proofed at %D for 1 h in anoven

. . . . (Blue M Electric Company, Blue Island, ILL) and baked at T&5for

32). However, relatively little data are available regarding the

. . U . . . . 50 min. The proximate composition of wheat bread and soy bread is
biological activity of isoflavones delivered in a food matrix or listed in Table 2. After the loaves were cooled, the crumb and crust

the effect of processing on these bioactive compounds. Previousyere separated from breads based on color difference (darkeust,
studies have shown that the biological activity of isoflavones lighter = crumb). All the bread samples were stored-&0 °C for
from whole soy foods may depend on the processing conditions, subsequent HPLC analysis and MTT proliferation assay.
Extraction of Isoflavones from Bread Samples.Three samples

* To whom correspondence should be addressed [telephone (614) 247 Were obtained from each bread for isoflavone extraction. Samples from
7696; fax (614) 2920218; e-mail vodovotz.1@osu.edul]. soy bread were soy bread crumb (fraction 1S), soy bread crust (fraction
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Figure 1. Experimental plan for HPLC analysis and MTT assay.

Table 1. Ingredients Used in Making Wheat and Soy Bread? HPLC Analysis. A Waters 2695 separation module (Milford, MA)
fitted with a Waters 2996 photodiode Array detector (“PDA”) was used
ingredient soy bread % (w/w) wheat bread % (w/w) to quantify the isoflavone content. Separation of isoflavone was
H,0 45.3 377 achieved using a Waters Nova-Pak C18 reversed-phase column (3.9
soy milk powder 6.6 0 x 150 mm; i.d. 4um, 60 A pore size). The PDA detection monitored
soy flour 19.9 0 from a wavelength range of 23@00 nm, and the eluting compounds
wheat flour 175 543 were detected at 260 nm. The mobile phase consisted of 1.0% acetic
pure gluten 23 0 acid in water (v/v) (solvent A) and 100% acetonitrile (solvent B). The
Sgggp conditioner 2§ 2.0 elution condition was as follows: -6 min 15%B, 5—36 min 15—
yeast 1.0 09 29%B, 36—44 min 29-35%B, 44—45 min 3515%B, reequilibrate
salt 0.9 1.0 at 15%B for 5 min for next run. Flow rate was at 0.6 mL/min. Injection
shortening 1.7 21 volume was 1QuL.
Identification and Quantification of Isoflavones. The isoflavones
#Ingredients were added as is (wet basis). in bread samples were identified by comparison of retention time and
UV absorbance patterns with pure isoflavone compounds. Identification
Table 2. Proximate Chemical Composition of Wheat Bread and Soy results were confirmed by enzymatic hydrolysis with deconjugating
Bread enzyme,f3-glucosidase. Concentration of each isoflavone was deter-

mined by the HPLC peak area and corresponding standard curve.

composition (%) wheat bread soy bread crumb soy bread crust ) ) N )
MTT Proliferation Assay. The MTT assay utilizes 3-(4,5-dimeth-

moisture 37 44 16

carbohydrate® 81 40 0 ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, which is reduced to
fatt 2 2 2 an insoluble dye by mitrochondrial enzymes. This reduction is
protein? 14 34 34 associated with the metabolic activity of living cells, and can be
quantified through spectrophotometry using a 96-well plate reader.
2 Expressed on a dry basis. Values are averages of three repetitions. Aliquots of the solvent extract of whole soy bread, its crust and

crumb, whole wheat bread, its crust and crumb, were dried under vac-
2S), and whole soy bread (fraction 3S) which contained both crumb yym (Savant Instruments Inc., Farmingdale, NY) at room temperature.
and crust. Samples from wheat bread were wheat bread crumb (fractionpyieq extracts were then weighed and redissolved into RPMI 1640 (
1W), wheat bread crust (fraction 2W), and whole wheat bread (fraction 14, FBS) at a concentration range efID mg of extract/mL of growth
3W) which contained both crumb and crust. Bread sample (0.5 9) Was yagiym. The medium containing extract was sterile filtered using a

ground to fine paste and mixed Wit.h 0.1 N HCI (2 mL), gcetonitrilg 0.2-micron filter and refrigerated until use, usually within 24 h.
(10 mL), and water (3 mL). The mixture was shaken with a multi-

wrist shaker (Lab-line Instrument Inc, Melrose Park, IL) at speed 9 at ~ PC-3 prostate cancer cells were plated at a density>ofi®° cells/
room temperature for 2 h and centrifuged at ¢36r 30 min in a well in a 96-well tissue culture plate. The cells were incubated for 24
centrifuge (IEC HN-SII, Damon/IEC Division, Needhamhts, MA). The ~ h at 37°C with 150uL of RPMI 1640/well. After 24 h, the growth
supernatant was collected and dried under nitrogen with an evaporatingmedium was removed and 150 of RPMI 1640 containing serial
unit (Pierce model 18780, Rockford, IL). Dried residue was redissolved 2-fold dilutions of bread extracts was added to each well. The plates
in 100% methanol of equal amount and storeet20 °C for subsequent were then incubated for 48 h. Cells receiving no bread extracts served
HPLC analysis. as control.
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Table 3. Isoflavone Content (nmollg dry basis)® and Composition of Soy Bread (%)

isoflavone soy bread crumb (fraction 1S) % soy bread crust (fraction 2S) % whole soy bread (fraction 3S) %
daidzin 253.7+20.3 381.9+229 2783+ 155
genistin 7826+7.8 1000.0 + 10.0 806.1+5.7
p-glucosides 1036.3 32.7 1381.0 43.6 1084.4 34.2
6-0""-malonyldaidzin 3150+1.0 73.2+0.7 2726+0.8
6-0''-malonylgenistin 789.6%7.9 160.7 £ 0.0 763.9+4.0
6-0""-malonylglycitin 352+04 36.7+0.7 351%03
6-0""-malonylglucosides 1139.8 36.0 270.6 8.6 1071.6 338
6-0""-acetyldaidzin 57.9+12 1787+1.8 62.1+12
6-O""-acetylgenistin 95.2+29 488.1+9.8 109.2+2.4
6-0""-acetylglycitin 704+42 68.3+3.4 71.6+23
6-0'""-acetylglucosides 2235 7.0 735.1 232 242.9 7.7
daidzein 306.7£3.1 3150+6.3 308955
genstein 4489 +9.0 447.0£0.0 4482 +3.4
glycitein 143409 15.6 £0.3 149+1.0
aglycones 769.9 243 777.6 24.6 772.0 24.3
total 3169.5 100 3164.3 100 3170.9

2 Values are means + SD of three independent determinations.
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Figure 2. Typical reversed-phase HPLC chromatograms of extracts from soy bread crumb (fraction 1S) and crust (fraction 2S). Each extract was from
0.5 g of material on a wet basis and monitored at 260 nm. Peak identification for representative chromatograms are as follows: (1) daidzin, (2) genistin,
(3) malonyldaidzin, (4) malonylgenistin, (5) acetyldaidzin, (6) acetylglycitin, (7) malonylgenistin, (8) daidzein, (9) glycitein, (10) acetylgenistin, (11) genistein.

After incubation, 10uL of MTT solution (5 mg MTT/mL saline) 140.0

was added to each well and allowed to incubate for at least 3 h. Growth
medium was removed and 150 of 0.04 M HCI in isoproponal was
added to each well. Plates were incubated for an additional 30 min,
and the absorbance was read at 620 nm using a microplate reader
(Multiskan MCC/340, Fisher Scientific, Atlanta, GA).

Statistical Analysis. Each sample was analyzed in triplicate. All
data were expressed as meahsSD unless otherwise indicated.
Statistical analysis was done by using the SAS software (SAS Inc, Cary,
NC). Analyses of variance (ANOVA) using the general linear models
(GLM) were conducted. Difference between the sample means were
analyzed by Fisher’s least significance (LSD) test at 0.05. ANOVA
and Tukey’s post hoc tests were performed on data collected from MTT

130.0

cell proliferation
(% control)
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o o

100.0

0 2 4 6 8 10
mg extract / mL

assays (p< 0.05). Figure 3. Effects of whole soy bread (fraction 3S) and whole wheat bread
(fraction 3W) extracts on the proliferation of PC-3 prostate cancer cells.
RESULTS Data points (n = 8) represent cell proliferation as a percentage of untreated

controls (100%). Whole soy bread extract: triangle; whole wheat bread

Isoflavone Content and Composition of Soy BreadThe extract: open circle.

isoflavone content and composition of whole soy bread (fraction

3S) and its crumb and crust (fraction 1S and 2S) are shown in higher level ofs-glucosides (43.6%) and ®--acetylglucosides
Table 3. Eleven isoflavone isomers except glycitin were clearly (23.2%) and a much lower level of ®-malonylglucosides
separated, identified, and quantifigddure 2). Total isoflavone (8.6%) of isoflavones compare to soy bread crumb (32.7, 7.0,
content was 3.1&mol/g of dry weight in whole soy bread and 36.0%, respectively).

(fraction 3S) and soy bread crumb (fraction 2S), and 3rh6l/g Biological Activity of Bread Extracts. Low concentrations

in soy bread crust (fraction 3S). Whole soy bread (fraction 3S) (0.03—1.25 mg/mL) of whole soy bread extract (fraction 3S)
and soy bread crumb (fraction 1S) were similar in isoflavone increased the proliferation of PC-3 cells by as much as 39%
composition. However, soy bread crumb (fraction 1S) and crust versus control cells receiving no extra€tqure 3). This increase
(fraction 2S) differed in isoflavone composition except for their in proliferation was reduced at higher concentrations (%.25
aglycone levels (24.3 and 24.6%). Soy bread crust contained a10.00 mg/mL) of extract. No decrease in cell proliferation was
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Figure 4. Effects of soy bread crumb (fraction 1S) and crust (fraction
2S) extracts on the proliferation of PC-3 prostate cancer cells. Data points
(n = 8) represent cell proliferation as a percentage of untreated controls
(100%). Soy bread crumb extract: open circle; soy bread crust extract:
triangle.

Zhang et al.

3S) were approximately 015 M genistein and 610 uM
daidzein, from soy bread crust (fraction 2S) approximately
0—33.8uM genistein and 0—23.ZM daidzein, and from soy
bread crumb (fraction 1S) approximately 26.7uM genistein
and 0—18.2«M daidzein. Isoflavones in wheat bread (fraction
1W, 2W, and 3W) were undetectable.

The results of our study show an increase in PC-3 prostate
cancer cell proliferation upon exposure to low concentrations
(0.03—1.25 mg/mL) of all bread extracts. These data are in
agreement with other8%, 38, 39) demonstrating that low doses
of soy isoflavones can increase cancer cell proliferation. This
mechanism has been attributed to estrogenic activity of isofla-
vones (40). Interestingly, a similar increase in the proliferation
of PC-3 cells was observed with exposure to whole wheat bread
(fraction 3W) extract inFigure 3, indicating the mechanism
for increased cell proliferation may be unrelated to isoflavone
content and/or estrogenic activity.

A decrease in PC-3 cell proliferation was only observed upon
treatment with soy bread crust (fraction 2S) extracFigure
4. Although the total isoflavone in soy bread crust and crumb

observed at any concentration of whole soy bread extract tested(fraction 1S, fraction 2S) extracts were similar, their isoflavone

Soy bread crumb and crust extracts (fraction 1S and 2S)
increased PC-3 cell proliferation by as much as 47 and 34%,
respectively (Figure 4). No decrease in cell proliferation was

observed at any concentration of soy bread crumb extract
(fraction 1S) tested (maximum 10 mg/mL). Conversely, soy

bread crust extract (fraction 2S, 10 mg/mL) reduced PC-3 cell
proliferation by 15% versus control cells receiving no extract

(p < 0.05). PC-3 cells treated with extracts from all wheat bread
samples (fraction 1W, 2W, and 3W) showed an increase in
proliferation over all concentrations tested.

DISCUSSION

Isoflavone Content and Composition of Soy Bread A
similar concentration of isoflavones was found in both fractions
(crust and crumb) of soy bread after moisture normalization.
However, their isoflavone profiles differed (Table 3). The
difference in exposure temperature (crumiL00 °C, crust~
165 °C) and moisture content (crumb 44%, crust~ 16%)
may be among the factors contributing to different isoflavone
profiles between these two fractions. Differences in heat
exposure of crust and crumb did not affect the concentration of
their aglycones+{24%). However, changes in®--acetylglu-
cosides $16.2%),5-glycosides 410.9%), and 69"-malonyl-
glucosides (—27.4%) were observed for crust compared to
crumb. These findings agree with Coward et al.’s observation

profile (Table 3) and physiochemical properties were different
after processing. The bread crust contained less moisture (16%)
than the bread crumb (44%), and was also the major site for
Maillard reactions. Recently, a potent antioxidant derived from
the Maillard reaction was found in bread cruét). This anti-
oxidant was shown to induce phase Il detoxification enzymes
and may possess anticancer activiyl (42). The possibility

that this Maillard-derived antioxidant compound is responsible
for the decrease in PC-3 cell proliferation is currently under
investigation.

Soy bread extracts (fraction 1S, 2S, and 3S) increased PC-3
cell proliferation at low concentrations. This stimulating effect
on cell growth was reduced at higher concentrations of extracts.
Soy bread crust (fraction 2S) was the only extract tested that
significantly reduced PC-3 cell proliferation. Wheat bread
extracts (fraction 1W, 2W, and 3W) increased PC-3 cell
proliferation at all concentrations tested (results from fraction
1W and 2W were similar to fraction 3W, and therefore were
not shown inFigure 3). The proposed mechanisms by which
soy isoflavones may reduce cancer cell proliferatié8—47)
include antioxidant activity of isoflavone<l§), alteration of
cell cycle distribution and induction of G2/M cell cycle arrest
(49, 50), induction of detoxification enzyme$&1), and regula-
tion of host immune function4d, 45). Additional studies are
needed to understand the mechanisms by which soy isoflavones

(1998) that the isoflavones glucoside conjugates are easilydelivered in a food matrix alter cancer cell proliferation and

altered during processing and cooking. Particularly, dry heat
results in the formation of acetylglucosides, and fermentation

whether these mechanisms differ from those of pure isoflavones.

causes a loss of the glucosides to produce the aglycones. Ou[ITERATURE CITED
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did not cause a de-esterification of the glycosides to yield
aglycones suggested that the thermal condition during baking
may not be directly responsible for aglycone formation.
Biological Activity of Bread Extracts. There are conflicting

data regarding the anticancer properties of soy isoflavones. Soy
isoflavones have been shown to both increase and decrease the

in vitro and in vivo proliferation of cancer cell8%—37). The
majority of studies examining the biological effects of isofla-
vones utilize either purified compounds or soy protein isolates.

The present study was designed to examine the biological effects (4)

of soy isoflavones delivered in a whole food system (bread).
The concentration of isoflavones in the extracts 10 mg/
mL) applied to the PC-3 cells from whole soy bread (fraction

(1) Anderson, J. J.; Smith, B. M.; Washnock, C. S. Cardiovascular
and renal benefits of dry bean and soybean intake. J. Clin.
Nutr. 1999,70, 464S—74S.

Anthony, M. S.; Clarkson, T. B.; Bullock, B. C.; Wagner, J. D.
Soy protein versus soy phytoestrogens in the prevention of diet-
induced coronary artery atherosclerosis of male cynomolgus
monkeys.Arterioscler. Thromb. Vasc. Bioll997,17, 2524—

31.

Hasler, C. M. The cardiovascular effects of soy produdts.
Cardiovasc. Nurs2002,16, 50-63; quiz 75—6.

Hermansen, K.; Sondergaard, M.; Hoie, L.; Carstensen, M;
Brock, B. Beneficial effects of a soy-based dietary supplement
on lipid levels and cardiovascular risk markers in type 2 diabetic
subjects Diabetes Care2001,24, 228—33.

@)

(©)



Isoflavone Profiles and Biological Activity of Soy Bread

(5) Nicolosi, R. J.; Wilson, T. A.; Lawton, C.; Handelman, G. J.
Dietary effects on cardiovascular disease risk factors: beyond
saturated fatty acids and cholesterdl, Am. Coll. Nutr.2001,

20, 421S—7S; discussion 40S—42S.

(6) Scheiber, M. D.; Liu, J. H.; Subbiah, M. T.; Rebar, R. W.;
Setchell, K. D. Dietary inclusion of whole soy foods results in
significant reductions in clinical risk factors for osteoporosis and
cardiovascular disease in normal postmenopausal wolkhemo-
pause2001,8, 384—92.

(7) Cohen, L. A. Nutrition and prostate cancer: a reviéwmn. N.

Y. Acad. Sci2002,963, 148—55.

(8) Horn-Ross, P. L.; Barnes, S.; Lee, M.; Coward, L.; Mandel, J.
E.; Koo, J.; John, E. M.; Smith, M. Assessing phytoestrogen
exposure in epidemiologic studies: development of a database
(United States)Cancer Causes Contr@d000,11, 289—98.

(9) Adlercreutz, H. Phyto-oestrogens and candsmcet Oncol.
2002,3, 364—73.

(10) Castle, E. P.; Thrasher, J. B. The role of soy phytoestrogens in
prostate cancetJrol. Clin. North Am.2002,29, 71-81, viii—
1X.

(11) Messina, M. J.; Persky, V.; Setchell, K. D.; Barnes, S. Soy intake
and cancer Risk: A review of the in vitro and in vivo datautr.
Cancer1994,21, 113—31.

(12) Murphy, P. A.; Song, T.; Buseman, G.; Barua, K.; Beecher, G.
R.; Trainer, D.; Holden, J. Isoflavones in retail and institutional
soy foods.J. Agric. Food Chem1999,47, 2697—704.

(13) Lachance, P. A. Nutriceutical®esigner Food Il Garlic, Soy,
and Licorice; Food & Nutrition Press Inc: Trumbull, CT, 1997.

(14) Kilein, B. P.; Perry, A. K.; Adair, N. Incorporating soy proteins
into baked products for use in clinical studigs.Nutr. 1995,
125, 666S—74S.

(15) Henkel, J. Health claims for soy protein, questions about other
componentsFDA Consum2000,34, 13-5, 8—20.

(16) Stein, K. FDA approves health claims labeling for foods
containing soy proteind. Am. Diet. Assoc200Q 100, 292—

296.

(17) Dalais, F. S.; Rice, G. E.; Wahlgvist, M. L.; Grehan, M.; Murkies,
A. L.; Medley, G.; Ayton, R.; Strauss, B. J. Effects of dietary
phytoestrogens in postmenopausal wont@imacteric1998,1,
124-9.

(18) Knight, D. C.; Eden, J. A. A Review of the clinical effects of
phytoestrogenObstet. Gynecol1996,87, 897—904.

(19) Makela, S.; Santti, R.; Salo, L.; McLachlan, J. A. Phytoestrogens
are partial estrogen agonists in the adult male mokeeiron.
Health Perspect1995,103 Suppl. 7, 123—7.

(20) Dwyer, J. T.; Goldin, B. R.; Saul, N.; Gualtieri, L.; Barakat, S.;
Adlercreutz, H. Tofu and soy drinks contain phytoestrogéns.
Am. Diet. Assoc1994,94, 739—43.

(21) King, R. A.; Bignell, C. M. Concentrations of isoflavone

phytoestrogens and their glucosides in Australian soya beans and

soya foodsAust. J. Nutr. Diet2000,57, 70-8.

(22) Barnes, S.; Kirk, M.; Coward, L. Isoflavones and their conjugates
in soy foods— extraction conditions and analysis by HPLC mass-
spectrometryJ. Agric. Food Chem1994,42, 2466—74.

(23) Coward, L.; Smith, M.; Kirk, M.; Barnes, S. Chemical modifica-
tion of isoflavones in soyfoods during cooking and processing.
Am. J. Clin. Nutr.1998,68, 1486S—91S.

(24) Mahungu, S. M.; Diaz-Mercado, S.; Li, J.; Schwenk, M.;
Singletary, K.; Faller, J. Stability of isoflavones during extrusion
processing of corn/soy mixturd. Agric. Food. Chem1999,
47, 279-84.

(25) Grun, I. U.; Adhikari, K.; Li, C.; Li, Y.; Lin, B.; Zhang, J.;
Fernando, L. N. Changes in the profile of genistein, daidzein,
and their conjugates during thermal processing of tdfégric.
Food Chem2001,49, 2839—43.

(26) Singletary, K.; Faller, J.; Li, J. Y.; Mahungu, S. Effect of
extrusion on isoflavone content and antiproliferative bioactivity
of soy/corn mixturesJ. Agric. Food Chem2000, 48, 3566—
71.

J. Agric. Food Chem., Vol. 51, No. 26, 2003 7615

(27) Slavin, J. L.; Karr, S. C.; Hutchins, A. M.; Lampe, J. W. Influence
of soybean processing, habitual diet, and soy dose on urinary
isoflavonoid excretionAm. J. Clin. Nutr 1998,68, 1492S—5S.

(28) Izumi, T.; Piskula, M. K.; Osawa, S.; Obata, A.; Tobe, K.; Saito,
M.; Kataoka, S.; Kubota, Y.; Kikuchi, M. Soy isoflavone
aglycones are absorbed faster and in higher amounts than their
glucosides in humansg. Nutr.2000,130, 1695-9.

(29) Doerge, D. R.; Chang, H. C.; Churchwell, M. I.; Holder, C. L.
Analysis of soy isoflavone conjugation in vitro and in human
blood using liquid chromatograpkymass spectrometnDrug
Metab. Dispos2000,28, 298—307.

(30) Setchell, K. D.; Brown, N. M.; Desai, P.; Zimmer-Nechemias,
L.; Wolfe, B. E.; Brashear, W. T.; Kirschner, A. S.; Cassidy,
A.; Heubi, J. E. Bioavailability of pure isoflavones in healthy
humans and analysis of commercial soy isoflavone supplements.
J. Nutr.2001,131, 1362S—75S.

(31) Barnes, S. Effect of genistein on in vitro and in vivo models of
cancer.J. Nutr.1995,125, 777S—83S.

(32) Chen, X.; Anderson, J. J. Isoflavones inhibit proliferation of
ovarian cancer cells in vitro via an estrogen receptor-dependent
pathway.Nutr. Cancer2001,41, 165—71.

(33) Barnes, S.; Peterson, T. G.; Coward, L. Rationale for the use of

genistein-containing soy matrices in chemoprevention trials for

breast and prostate cancér.Cell. Biochem. Suppll995,22,

181—-7.

Massey, L. K. Dietary animal and plant protein and human bone

health: A whole foods approach. Nutr.2003,133, 862S—5S.

Nedeljkovi, A.; Radulovi, S.; Bjelogrli, S. Pleiotropic effect of

genistein makes it a promising cancer protective compound.

Arch. Oncol.2001,9, 171—-174.

Onozawa, M.; Fukuda, K.; Ohtani, M.; Akaza, H.; Sugimura,

T.; Wakabayashi, K. Effects of soybean isoflavones on cell

growth and apoptosis of the human prostatic cancer cell line

LNCaP.Jpn. J. Clin. Oncol1998,28, 360—363.

Suzuki, K.; Loike, H.; Matsui, H.; Ono, Y.; Hasumi, M.;

Nakazato, H.; Okugi, H.; Sekine, Y.; Oki, K.; Ito, K.; Yamamoto,

T.; Fukabori, Y.; Kurokawa, K.; Yamanaka, H. Genistein, a soy

isoflavone, induces glutathione peroxidase in the huamn prostate

cancer cell lines LNCaP and PCi8t. J. Cancer2002 99, 846—

52.

Sathyamoorthy N.; Gilsdorf, J. S.; Want, T. T. Y. Differential

effects of genistein on transforming growth factor beta-1

expression in normal and malignant mammary epithelial cells.

Anticancer Res1998,18, 2449—2454.

(39) Wang, C.; Kurzer M. Phytoestrogen concentration determines
effects on DNA synthesis in human breast cancer calls.
Cancer1997,28, 236—247.

(40) Lemos, M. L. de. Effects of soy phytoestrogens genistein and

daidzein on breast cancer grownn. Pharmacothe2001, 35,

1118—1121.

Zill, H.; Bek, S.; Hofmann, T.; Huber, J.; Frank, O.; Lindenmeier,

M.; Weigle, B.; Erbersdobler, H. F.; Scheidler, S.; Busch, A.

E.; Faist, V. RAGE-mediated MAPK activation by food-derived

AGE and non-AGE poduct8iochem. Biophys. Res. Commun.

2003,300, 311—315.

Hofmann, T.; Erbersdobler, H. F.; Kruse, |.; Faist, V. Molecular

weight distribution of nonenzymatic browning products in

Japanses soy sauce and studies on their effects on NADPH-

cytochromec-reductase and glutathione-S-transferase in intestinal

cells.Int. Congr. Ser2002,1245, 485—486.

Akiyama, T.; Ishida, J.; Nakagawa, S.; Ogawara, H.; Watanabe,

S.; Iton, T.; Shibuya, M.; Fukami, Y. Genistein, a specific

inhibitor of tyrosine-specific protein kinasek.Biol. Chem1987,

26, 5592—95.

(44) Zhang, R., Li, Y. and Wang, W. Enhancement of immune
function in mice fed high does of soy daidzeMutr. Cancer
1997,29, 24-8.

(34)

@35

~

(36

~

(37

~

(38)

(41)

(42)

(43)



7616 J. Agric. Food Chem., Vol. 51, No. 26, 2003 Zhang et al.

(45) Yellayi, S.; Naaz, A.; Szewczykowski, M. A.; Sato. T.; Woods,  (49) Wang, H. Z.; Zhang, Y.; Xie, L. P.; Yu, X. Y.; Zhang, R. Q.

J. A.; Chang, J.; Segre, M.; Allred, C. D.; Helferich, W. G.; Effects of genistein and daidzein on the cell growth, cell cycle,

Cooke, P. S. The phytoestrogen genistein induces thymic and and differentiation of human and murine melanoma céllslutr.

immune changes: a human health concd?Pndc. Natl. Acad. Biochem.2002,13, 421—426.

Sci. U.S.A2002,99, 7616—7621. (50) Kuzumaki, T.; Kobayashi, T.; Ishikawa, K. Genistein induces
(46) Kim, H.; Peterson, T. G.; Barnes, S. Mechanisms of action of P2ICIPLWAFL expression and blocks the G1 to S phase transition

the soy isoflavone genistein: emerging role of its effects via in mouse fibroblast and melanoma ceBsochem. Biophys. Res.

transforming growth factof signaling pathwaysAm. J. Clin. Commun2001,251, 291—295.

Nutr. 1998,68 (Suppl), 1418—25S. (51) Appelt, L. L.; Reicks, M. M. Soy feeding induces phase I
(47) Birt, D. F.; Hendrich, S.; Wang, W. Dietary agents in cancer enzymes in rat tissuéNutr. Cancer1997,28, 270—5.

prevention: flavonoids and isoflavonoid®harmacol. Ther.

2001,90, 157=77. . . Received for review June 25, 2003. Revised manuscript received
(48) Kameoka, S.; Leavitt, P.; Chang, C.; Kuo;—$1. Expression October 3, 2003. Accepted October 9, 2003

of antioxidant proteins in human intestinal Caco-2 cells treated ' ' ' ’

with dietary flavonoidsCancer Lett.1991,146, 161—167. JF034679C




